Introduction
Somewhere along the ultracerebral gyri of 'Ulysses' is embedded one of James Joyce's convoluted epiphanies 'A man of genius does not make mistakes. His errors are volitional and are the portals of discovery.' Whatever about exercising his will freely Henry Head would have been more likely to agree with Claude Bernard that the man who never made a mistake never made an experiment, for the London physician was an outstanding clinical scientist long before that term came into everyday use.
Biographical vignette Henry Head was born at Stamford Hill in Hackney, London on 4 August 1861. From the Charterhouse school in Godalming, Surrey, he went with a scholarship to Trinity College Cambridge in 1880. After taking first class honours in the Natural Sciences Tripos he went off for two years to work in Hering's physiology laboratory in Prague, at that time a prominent component ofthe German scientific empire. Completing his anatomy and physiology studies in Cambridge he moved as was customary to London to University College Hospital finishing his clinical training in 1890. His long association with the London Hospital began in 1895; there he maintained the venerable neurological tradition and although much loved by his patients his primary interest was in medical science rather than in medical practice'. Forced to retire in 1919 by the early symptoms of Parkinson's disease he was nonetheless invited in 1920 to come back and take the directorship of the newly-proposed fulltime medical professorial unit but his terms proved altogether too extravagant (eg 100 of the hospital's medical 288 beds) and his suggestion was politely turned down', It was in 1895 too that he was elected a fellow of the Royal Society, and he edited Brain from 1910 to 1925 when that journal was at its most prestigious.
Whether his mistakes were volitional or not, his death on 8 October 1940 closed a career the legacy from which included important advances in respiratory regulation, sensory physiology and the analysis of the aphasias.
Regulation of respiration
It was, very likely, Joseph Breuer's paper on the 'Self-steering of respiration through the Nervus Vagus' that brought Head to Prague. Hering and Breuer elucidated the 'reflex mechanism by which the movements of respiration terminate themselves as soon as their effort has reached a sufficient magnitude; by this means part of the available respiratory excitation is held in reserve . . . this mechanism, then, which in this way combats a variety of obstacles to breathing with a variety of purposeful modifications of breathing, this mechanism can be designated as "self-steering".'
Working in Hering's laboratory Head confirmed the Hering-Breuer reflexes: inflation of the lung led to inspiratory inhibition and deflation to inspiratory excitation", Not only that but by freezing the vagus or by etherizing it within a rubber tube he additionally discovered that large inflations of the lungs cause not inhibition but brief stimulation of inspiration. We now know that Head's 'paradoxical' reflex is important in the newborn in establishing the functional residual capacity in the lungs.
As regards 'self-steering' Head also went further than his mentor in suggesting that the vagus acts like the governor of a steam engine in economizing the energies of respiration preventing the centre in the medulla from wearing itself out; section of the vagi produces 'spendthrift activity' in the respiratory centres. Self-steering by the fantail and automatic sailblades improved the efficiency of windmills in the course of the 18th and 19th centuries but the windmill was overshadowed and soon outmoded as a source of energy when James Watt in 1782 patented two improvements in his steam engine: one was double action (pulling and pushing the piston) and the other the double conical pendulum which stabilized the speed by opening or closing a throttle valve regulating the flow of steam into the cylinder. One hundred years later Watt's 'governor' was a commonplace -an everyday example of a self-regulating device used to control the activity of a machine; additionally James Clerk Maxwell had published his studies in the theory and analysis of control systems. Nowadays such 'feedback' is widely used in engineering though the devices are usually electronic in nature rather than mechanical, the familiar thermostat used to maintain the temperature within a system at a variable setpoint being the best known example; by activating an amplifier a sensor feeds back information from the output to the input and thus influences the ongoing behaviour of the system.
And it is increasingly recognized that feedback, positive or negative, is ubiquitous in biological systems; harking back to the original application, 'cybernetics', the name given to the science of information communication and control theory in animals and man, is derived from the Greek word for governor. Examples are to be found in intermediary (intracellular) metabolism, reflex control of skeletal muscle contraction, endocrine control and circulatory, respiratory and thermal regulation. In 1878 Claude Bernard! had laid the foundation of regulatory physiology when he stated that 'the stability of the internal environment is the condition of the free and 0141-0768/91/ 020107-03/$02.00/0 © 1991 The Royal Society of Medicine independent existence' but it is fair to say that Head's analogy" recognizing the similarity between biological and engineering control systems contributed significantly to the establishment of cybernetics as a discipline in its own right even ifit is an esoteric one.
Head's areas -dermatomes Back in England Henry Head left the rarefied atmosphere of control theory for the mundane world of 'walking the wards' and qualified as a doctor in 1890. Soon afterwards he set about preparing his MD thesis on 'Disturbances of Sensation with Especial Reference to the Pain of Visceral Disease' (1892), probably taking his hint from James Ross's 1888 paper on 'Segmental Distribution of Sensory Disorders'". Head surmised that the tenderness in consistent cutaneous areas found in visceral disease bore some definite relation to nerve distribution. He discovered that the areas supplied by the various segments of the cord corresponded with the innervation of the viscera by the sympathetic system and described his findings in a series of papers in Brain between 1893 and 1896 6 • His study of dermatomes was helped by two years spent as an assistant in the County Asylum, Rainhill, Liverpool. Herpes zoster commonly affected the numerous inmates with general paralysis and Head and Campbell systematically investigated the location of the neural damage observable at postmortem examination to determine the central representation of the affected areas of the skin", Details of the distribution of the various segmental areas in the cutaneous reference of visceral disease, in the eruption of herpes zoster, and in the analgesia accompanying organic disease of the spinal cord and the posterior nerve roots were delineated in charts which showed the viscero-cutaneous relationship. The remarkable accuracy of Head's charts was commended by Otfrid Foerster (1933) who established" the dermatomal maps definitively (by studying 'remaining sensitivity') for universal use in everyday clinical medicine.
Autoexperiments
The sincerest form of science ia self-experimentation. If Head was demanding of others he was equally so of himself and to study repair and regeneration he underwent section of his left radial and lateral cutaneous nerves. To ensure worldly isolation and mental detachment he regularly spent the weekends after the operation in St John's College, Cambridge, where between 15 April 1903 and 13 December 1907 W H R Rivers mapped assiduously the gradual recovery of cutaneous sensation in the radial half of the forearm and the back of the hand (there was of course no impairment of deep sensibility). As a result of their observations? Head satisfied himself that he could distinguish two forms of superficial sensibility: 'protopathic' and 'epicritic'.
Protopathic sensibility, the crude response to pain, heat and cold, returned about 7 weeks after neural section. A stimulus stronger than normal was required to evoke pain, the response diffuse and poorly localized had a peculiarly unpleasant quality. Somewhat later sensitivity to extremes of heat and cold reappeared. The finer epicritic sensation by which small differences in temperature could be rapidly and readily discriminated, light touch appreciated and point of stimulation accurately located returned more tardily. Accurate localization and tactile discrimination did not recover until many months after the return of painful sensibility. For all the care and attention devoted to detail in the 167 days wholly given up to the investigation, the distinction has not stood the test of time; it accords neither with the anatomical basis of cutaneous sensation nor with everyday clinical experience. Delay in discriminative restoration depends on the number of receptors successfully reunited with the spinal cord.
Central sensory pathways
With the help of several collaborators Head investigated the ascending pathways in the central nervous system by analysing the sensory dissociation caused by lesions in the spinal cord and the groupings of impulses in the brain stem and thalamus. Because of decussation of sensory tracts in cord and medulla, sensation is chiefly affected on the opposite side of the body by damage in a cerebral hemisphere. The thalamus topographically integrates contralateral sensory information. The posterior part of the ventral thalamus is divided into two portions: the posteromedial which receives trigemino-thalamic fibres and the posterolateral which receives the spinothalamic tract and the medial lemniscus; both of these relay to the postcentral gyrus. Head and Holmea'? assigned an important part in the origin of certain aspects of sensation to a thalamic mechanism which they called 'the essential organ of the thalamus'. They were misled into this conclusion by their interpretation of the 'thalamic syndrome' in which a severe sensory loss is combined with an intense hyperaesthesia. In Head's assumption that the thalamus subserved a primitive aspect of sensation it is possible to detect the central analogue of peripheral protopathic sensibility. In spite of its conspicuous contribution as a relay station the thalamus is not the final arbiter in somatic sensory functions and it has been firmly established that the cortex plays a part in the perception of pain!'.
Head and Holmes'? believed that in the parietal lobe each individual has a constantly changing postural and spatial model of his body, and introduced the useful distinction between 'body schema', a preconscious physiological function, and 'body image' which is consciously appreciated. Their concept was a proprioceptive rather than a visuo-spatial one: 'by means of perceptual alterations in position we are always building up a postural model of ourselves which constantly changes. Every new posture of movement is recorded on this plastic scheme. ' Head was alive to the broader behavioural aspects of cortical function, and in the examination of military casualties in 1918 he employed psychological concepts as well as psychological testing methods In the first comprehensive investigation into the nature rather than the locus of cerebral sensory processes in man 12 • The automatic bladder In man after complete spinal transection flexor reflexes recover as spinal shock wears off and gradually become more powerful. In men wounded in World War I (1914) (1915) (1916) (1917) (1918) powerful flexion movements were occasionally accompanied by adduction of the thighs, emptying of the bladder, defaecation and profuse sweating in dermatomes supplied from segments below the level of transection'". This response was called by Head the 'mass reflex' and assumed by him to be a release phenomenon in which 'the more lowly centres in the nervous system' escaped from 'under the strict influence of higher control.' Although they survived longer and in better condition due to more enlightened nursing care, spinal casualties in World War II (1939) (1940) (1941) (1942) (1943) (1944) (1945) did not display the mass reflex [14] [15] [16] . Russell Brain is reputed to have said that 'there was much of Henry Head in the mass reflex.'
Aphasia and kindred disorders of language
Pierre Marie was the first to express doubt about the localization of language functions in the brain as described by Broca and Wernicke 17. Expanding and refining Marie's insistence on an intellectual component, Head" maintained that strict localization was impossible, because in the higher intellectual sphere there were such wide differences in organization of conceptual processes from one individual to the next. There were no centres for speaking, reading, writing, or other forms of behaviour comprised in the normal use oflanguage, but areas of the brain within which injury could produce disorders of symbolic function and expression. The aphasias were: verbal (defect in word formation); nominal (incapacity to name objects); syntactical (incomprehensible jargon); and semantic (lack of comprehension in spite of correct grammar, with retention of the ability to understand simple but not complex sentences). Head's arguments were philosophical and his classification lacked practical clinical value. The problem has not been fully resolved'? but a variety of sophisticated computerized techniques of investigation cumulatively provide evidence in favour of localization/"; and by unfolding the three-dimensional cerebral gyri on to a two-dimensional projection the modern 'mapmakers' have demonstrated the contiguity of the cortical areas believed to subserve speech and auditory comprehension in the left hemisphere in what might justifiably be called a 'language zone'21. Still, clinical aphasiologists continue to use procedures developed by Head; strictly noting a patient's ability to speak, read, write or spell in response to given specific stimuli which differ both in type and degree of difficulty provides a penetrating analysis of language deficit.
Conclusion
Even if his international status as a neurologist has diminished with time, Head's reputation as an original thinker has not been tarnished unduly by his errors in interpretation. Though many of his views have been confounded his foibles were known to those who worked with him. In contributing to his obituary notice Gordon Holmes" revealed 'the most lasting impression will be his enthusiasm and his vivid scientific imagination, which was always directed to elucidating the nature ofnormal functionfromthe disorders produced by disease. It was in fact in arranging clinical experimentson scientific lines and in combining observations into hypothesesrather than as an astute observerthat Head excelled.' Journal of the Royal Society of Medicine Volume 84 February 1991 109
In neurology, with the notable exception of the pathfinding work on the clinical importance of the dermatomes, his conclusions were scarcely warranted by factual observations. And only the first flight of his imaginative genius has not been overthrown; to have been accoucheur at the birth of cybernetics is no small honour. Of his errors let us remember Einstein's aphorism rather than Joyce's epiphany: Death alone can save us from making blunders.
